This paper presents preliminary research on immobilized Phanerochaete chrysosporium in PVA-alginatesulfate beads to discolor textile effluents. It is an alternative technique from the current physico-chemicals. The main focus of this study was to determine the colour removal, Chemical oxygen deman (COD) removal and manganese peroxidase activity of the immobilized P.crysosporium. Immobilized P.crysosporium also confers advantages such as reusability and improved cell performance. Scanning electron microscope (SEM) was also performed to characterize the immobilization matrix. The immobilized results were compared with that of free cells. Immobilized cells were able to discolor 47.14% compared to free cells which recorded 10.78% colour removal. The COD removal of immobilized cell is more than 60% as compared to that of free cells, which could only reduced 30% of COD. Finally, the manganase peroxidase activities showed a slight difference between the immobilized and free cell at 0.15U/L and 0.13U/L respectively.
1.0 INTRODUCTION
In textile industries and bleaching purposes, dyes stuffs are most appropriate and widely used as they are cheaper and easy to use. Almost 10,000 different dyes and pigment are produced annually worldwide with a volume of more than 7×10 5 ton. [1] [2] Unfortunately, data show that 10% of dye effluents are found in water. 3 Worst, some of the dye effluents removal could seep through the aquifer and finally pollute the underground water. Improper discharge to water without prior treatment would negatively affects sunlight penetration, retards the photosynthesis process and interferes gas solubility in water. 4 This could affect the balance of aquatic ecosystems. Thus, there are many dye treatment processes suggested such as chlorination, ozone treatment, flocculation, precipitation and ion-pair extraction . 5 However, these techniques produce large amounts of sludge and most of them are expensive. [6] [7] In order to overcome these limitations, biodegradation by using microorganism is gaining popularity. 5 This is because treatments by using microorganisms is cheaper and environmentally friendly compared to existing treatment methods. The aim of this experiment is to develop a simple technique to discolor dye effluents by using immobilized Phanerochaete chrysosporium into PVA -alginate-sulfate beads. P. chrysosporium,is one of the best microorganisms that is widely studied in textile effluent discoloration. This white rot fungus is able to produce enzymes with a low substrate specificity that increases their capability to degrade different groups of textile dyes. [8] [9] In addition, P. chrysosporium is known to degrade wide range of recalcitrant xenobiotic compounds, including azo dyes that are commonly used in textile industry. [10] [11] [12] [13] Immobilization gives better operational stability and higher efficiency. [14] [15] Recently, cell immobilization by using polyvinyl alcohol (PVA) has sparked interest of many researchers. 16 PVA offers unique properties such as high stability, non-toxic to organism and can be produced cheaply at industrial scale. 17 Thus, the idea of immobilizing the potent P.chrysosporium in PVA-alginate-sulfate beads would be an interesting supposition.
2.0 EXPERIMENTAL

Materials
Polyvinyl alcohol (PVA) 60,000 MW and boric acid were purchased from Merck Schuchardt OHG, Darmstadt, Germany. 
Inoculum Preparation
The fungi were inoculated on Potato Dextrose Agar (PDA) (OXOID Ltd. England) and incubated at 37ºC until the intensive mycelia grow occurred. Fungal biomass was harvested by using 1% (v/v) Tween 80 solution after 7 days of incubation. Later on, spores counts were carried out to determine spore concentration in the suspension by using haemocytometer-light microscope.
Immobilization of P. Chrysosporium
Spore suspension (10ml) was mixed with 90 ml of PVA (12% w/v) and sodium alginate (1% w/v) solution. The mixed solution was then dropped into a mixed solution of boric acid (5% v/v) and calcium chloride (2% w/v) by using syringe in order to form beads and stirred for 30-50 minutes. Later on, the beads were store for 24 h at 4ºC in sterilize distilled water. After the incubation period, the beads were stirred in 10% v/v boric acid solution for 30 minutes and then with 0.5 M sodium sulfate solution for another 30 minutes. The beads were kept at 4ºC until further used. 18 
Germination of Immobilized Fungal Spores for Discolorisation Study
Growth medium containing 2% w/v malt extract was used to germinate the immobilized fungal spores to be used as the starting culture. The immobilized spores were incubated at 37ºC until the growing biomass in the alginate entered idiophasic growth. 19 The germinated spores were drained and used later to discolor the samples.
After four days of incubation, the growth medium was replaced aseptically with the dye solution and nitrogen limited medium that contains 1.5% w/v glucose, 0.04% w/v malt extract, 174 µM MnSO4 H2O, 0.0004% w/v MgSO4 7H2O, 20mM 3, 3-dimethylglutrate. [19] [20] . Samples were incubated at 38ºC and 100 rpm and sampling was performed every 24 hours to access the discoloration percentage, COD and manganase peroxidase activity. The experiment was carried out in three replications to ensure its reproducibility.
Additionally, a flask (without P.chrysosporium) was prepared as a control.
Scanning Electron Microscopy (SEM)
Scanning Electron Microscopy (SEM) was carried out to determine the presence of P.chrysosporium inside the PVAalginate-sulfate beads. PVA-alginate-sulfate beads were dried by using a filter paper and cut by using a scalpel to obtain the cross section of the beads. Then, the bead was placed on a stand and the cross section image was obtained by using SEM (Model JSM-6390). 18 Then, sample was coated for four times by using Platinum coating with Auto-Fine Coater JFC-1600(Joel, USA Inc, USA).
Percentage of Dyes Discoloration
Percentage of dye was measure by using HACH DR/4000U spectrophotometer .Then the rate of discoloration was calculated using equation 1 5 :
A o × 100 (1) whereA0 = initial absorbance At = absorbance at time't'
COD Removal
Chemical Oxygen Demand of each dye was observed by monitoring changes in its spectrum (nm) by using HACH DR/4000U spectrophotometer. The rates of COD removal were calculated using equation 2:
where A0 = initial absorbance At = absorbance at time 't'
Manganese Peroxidase Activity Assay
Based on Bermegyer 1974, 21 0.53 g of KH2PO4 and 1.06 g K2HPO4 was dissolved in 100 ml of distilled water and the pH was determined to be 7.0. Then, 22.3mg of guaiacol was dissolved in 10 ml of distilled water. It was stored in ice and prepared fresh daily. 0.1 ml of 30% hydrogen peroxide will be prepared fresh daily by diluting with distilled water to 120 ml. Then, diluents were kept in ice at 4ºC.
Reaction volume containing 0.1M Potassium Phosphate Buffer (2.8 ml), 0.018 M guaiacol (0.05 ml), 30% hydrogen peroxide (0.05 ml) and sample (0.1 ml) were pipetted into a 1 cm cuvette. The rates of increase in absorbance at 436 nm wavelength were recorded after the initial lag phase. The rate of enzyme activity will be calculated based on equation 3.
(U/ml) = DA 436/min x 4 x V t x dilution factor A o (e x V s )
Volume activity (U/ml): Vt =final volume of reaction mixture (ml) = 3.00 Vs =sample volume (ml) = 0.1 e =micromolar extinction co-afficient of tetraguaicol (cm 2 /micromol) =25. 5 4 =derives from unit definition and principle
3.0 RESULTS AND DISCUSSION
Scanning Electron Microscopy (SEM)
Scanning Electron Microscopy (SEM) analysis was carried out in this experiment in order to observe the entrapment of spores in the PVA-alginate-sulfate matrix. This is important to confirm the spores are in the immobilization matrix. The SEM micrographs of immobilized P. chrysosporium are presented in Figure 1 (a) and Figure 1(b) . Figure 1(a) shows the surface or external part of the PVA-alginate-sulfate with immobilized P. chrysosporium. Figure 1(b) shows the cross section or internal part of PVA-alginate-sulfate with immobilized P. chrysosporium. Figure 1(c) shows the control beads without fungus. These figures conclude that the beads were successfully immobilized with the fungus. The SEM figures reveal that that the fungus appear more on the surface compared to the inside of the beads. This may be due to the restriction of space inside the beads compared to the beads surface. Table 1 represents the characterization of 30mg/L of synthetic dyes before and after treatment by using immobilized and free cells. Three parameters were used to determine the effectiveness of the method; American Dyes Manufacturing Index (ADMI) removal, COD removal and MnP activity. The ADMI and COD values obtained from the untreated dyes are 600 and 3955 mg/L, respectively. After treatment using the immobilized fungus, the ADMI removal and COD removal are 47.04% and 63.49%, respectively. Meanwhile, the MnP activity for the immobilized fungus is 0.15 U/mL. In contrast with immobilized cells, the dye treated with free cells showed a low ADMI removal, COD removal and MnP activity, of 10.78%, 29.25% and 0.1397 U/mL, respectively. The results showed that the immobilized cells exhibited higher ADMI and COD removal compared to free cells. In addition, the immobilization system also increased the MnP activity for the fungus. The discoloration pattern of mixed dye within seven days of incubation is shown in Figure 2 . It is observed that the immobilized cells are able to discolor more efficiently compared to free cells. The highest rate of discoloration is 47.04% which was observed on the seventh day. This shows that the discoloration percentage by immobilized cells is approximately 36% higher than the free cells. On the sixth day of the experiment, the ADMI removal for immobilized cells is increased steadily compared to that of free cells. This may be due to the sudden drop of MnP activity in free cells on fifth day of the experiment ( Figure 3 ). Free cells discoloration might occur through biodegradation process. This is due to the cell extracellular enzymes such as manganase peroxidase, lignin peroxidase and laccase secreted by fungus. 22 In addition, discoloration by using PVA-alginate-sulfate beads might occur through bio-absorption and bio-degradation process. This is explained in Figure 2 since the rate of discoloration by immobilized cell is higher than free cell. In this state, PVA-alginate-sulfate beads acts both as a support and absorbent for the dye adsorption and this is proven by the increasing adsorption of immobilized beads. 23 Results in Figure 3 show that the beads are colored at first and became colorless on the 14 th day of experiment. Based on the observation, the beads became colored after two hours of immersion in the dye solution while the MnP activity was detected after the 1 st day of the experiment ( Figure 4 ). This observation concluded that the immobilized beads absorb the dyes and degrade it later. Comparing this result with the control experiment (beads without fungus), apparently biodegradation is the dominant mechanism in dye discoloration. The predominance of biodegradation in dye discoloration was also recorded by Mielgo and co-workers 24 where 98% of discoloration was attributed to biodegradation. Table 2 represents COD removal by immobilized and free cells in 30mg/L mixed dyes. COD signifies the quantity of oxygen required to oxidize the organic pollutants present in liquid sample especially waste water. The quantity of oxidant consumed is expressed in terms of its oxygen equivalent. [25] [26] The reduction in COD value indicates a corresponding reduction in the concentration of pollutants. 27 Immobilized cells successfully removed 63.49% of COD, which is 34.24% higher better than free cells. Wijetunga et al. 2008, 27 mentioned that azo dyes or organic substituents produced from their degradation are elements that could contribute to high COD reading. Thus, immobilized beads, can be useful tool to remove COD value. Figure 4 represents the manganese peroxidase (MnP) activity of immobilized and free cells. By comparing the enzyme activity, results show MnP activity for immobilized cell is 0.15 U/mL while in free cell is 0.14 U/mL. Although the difference is marginal, results proved that the immobilized cells are able to give better enzyme activity compared to free cells. PVAalginate-sulfate beads might protect the mycelia from any potential inhibitors and mechanical stress thus contributes to a slightly higher enzyme activity. Figure 4 also reveals that the MnP activity for the free cells fluctuates compared to that of the immobilized cells steadily increases until the end of the experiment. This may be due to the protected environment in the immobilization system that stabilized the MnP activity. This observation suggests an involvement of MnP in the dye discoloration via biodegradation. Furthermore, no MnP could be detected in the control sample. MnP has long been associated with the ability of P.chrysosporium to degrade several organic pollutants . 20 Urek and Pazarlioglu (2007) , 20 have studied in vitro discoloration of several dyes using the purified MnP from P.chrysosporium with a promising outcome. It was postulated that the biodegradation of such compounds occurs via Mnmediated oxidation that generate Mn 3+ chelated with organic acids produced by fungal cells. [29] [30] [31] The resulting Mn 3+ organic acids complex later oxidize organic compounds which in this case are the dye molecules.
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4.0 CONCLUSION
The findings of the study conclude that P.chrysosporium can be successfully immobilized into PVA-alginate-sulfate beads. Apparently, immobilization has to some extent improved the cells ability in the discoloration of textile effluents. This is because immobilization cells are able to discolor 47.04% compared to free cells which can achieve only 10.78%. It is believed that MnP is secreted by P. chrysosporium which is responsible for dye discoloration since it showed positive results. Decreasing rate of COD represents the ability of immobilized cells to degrade and discolor dyes. Finally, SEM analysis shows that P. chrysosporium spores has been entrapped within the immobilization systems in order to make it functional. 
